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ANALYSIS OF THE PACOIMA DAM ACCELEROGRAM--SAN FERNANDO, 
CALIFORNIA, EARTHQUAKE OF 1971 
B~ 5/I. D. TRIFUNAC AND D. E. HUDSON 
ABSTRACT 
Integrated ground velocities and displacements calculated from the accelerogram 
recorded at the Pacoima dam site indicate that the strong ground motion was 
predominately in the vertical and NS direction, in general agreement with the 
mechanism of faulting as inferred from aftershock studies, and with fault displace- 
ments observed in the field. High-frequency peak accelerations of 1.25 g were 
recorded in two horizontal directions, these being the highest ground accelerations 
so far recorded for earthquakes. Response spectrum curves calculated from the 
accelerograms do not show unusual features, and the numerical values are con- 
sistent with past experience. The high-frequency, hlgh-amplitude impulsive ground 
motion associated with the highest peak accelerations did not contribute signifi- 
cantly to the over-all response spectrum values. The presence of the high-frequency 
motions in the recorded accelerograms is presumably the consequence of the 
proximity of the recording site to the fault dislocation. 
INTRODUCTION 
The strong earthquake ground motion of the San Fernando, California, earthquake 
of February 9, 1971 was recorded on over 200 accelerographs of the Southern California 
strong-motion etwork. These accelerographs were located at various ground sites, 
buildings and dams. By number and quality of the records, the instrumental coverage 
of this earthquake is, by far, the most extensive and complete in the history of strong- 
motion seismology. 
Although this 6.6 magnitude arthquake is not large from the seismological point of 
view, it was associated with very severe ground motions and must be ranked as a 
major event from the standpoint of damage and general engineering implications. 
The instrumentally-determined focus of the main shock, at a depth of about 13 kin, 
represented the region in which faulting was initiated. The fracture then propagated 
up and to the south, past and under the Pacoima Dam accelerograph site, and inter- 
cepted the surface in the Sylmar-San Fernando area (Figure 1). The Veterans Hospital 
which collapsed killing 44 people, and the Olive View Hospital which was severely 
damaged with 3 deaths, were located about 3 km to the north of the surface faulting 
(Figure 1). 
The local severity of shaking in the Sylmar-San Fernando area appears to have been 
as strong as would be expected for the largest shocks in California, although longer 
fault breaks would result in greater durations of ground shaking. The idealized empiri- 
cal relation between magnitude and fault length (Housner, 1970) would predict the 
fault length for this earthquake to be about 15 kin, which is in excellent agreement with 
the observed surface faulting (Figure 1) and the over-all dislocation size outlined by 
the distribution of aftershocks (Figure 2). For an earthquake ofmagnitude 8 or greater, 
the surface faulting might extend for several hundreds of kilometers and as a result the 
strong ground motion would last several times longer than the motion recorded uring 
the San Fernando earthquake. 
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THE ACCELEROGRAP~ S ITE  
Because of the importance of the Pacoima Dam record, which was obtained virtually 
at the center of the event, and because of the rather special nature of the site, it is 
believed that a relatively detailed escription of the site and of the instrument installa- 
tion is justified. 
Figure 3 shows an oblique aerial photograph looking south over the Pacoima Dam 
site with the San Fernando Valley in the distance. The location of the AR-240 aecelero- 
graph at Pacoima Dam is shown, and the locations of the two heavily-damaged hospi- 
tals are indicated in the background. Figure 4 shows a close-up view of the dam, with 
the location of the aecelerograph on a rocky spine adjacent o the dam abutment 
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indicated. Figure 5 shows a view of the circular instrument house seen from below on 
the dam, and Figure 6 is a view of the dam and the instrument house from above 
looking north. In both of these figures, extensive cracking of the gneissic granite-diorite 
rock will be noted. Many of the cracks penetrate through the smooth gunite coating 
into the rock below. 
It  is not known, however, to what extent he surface fractures of the gunite coating 
reflect the conditions of the major rock mass below. Relatively small cracks of the 
dimensions of the gunite fractures would be associated with higher frequencies than 
those involved in the approximately 10 eps motions observed on the record (Figures 
11, 12 and 13). The extent o which presently unknown details of the ridge structure 
may influence the recorded motions is for the time being a matter for speculation only. 
As can be seen in Figure 5, about 5 m to the west of the aeeelerograph, a small rock 
slide occurred (about 5-10 m s) during the earthquake, which fortunately was not large 
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enough to disturb the aecelerograph foundation. As will be seen in Figure 7, one of the 
cracks penetrated into the foundation of the instrument house, although as will be 
noted, the instrument pier itself, which was separated by an inch or so from the founda- 
tion of the circular house, was not cracked. As of two months after the earthquake, 
changes in the configuration ofthese fomldation cracks indicate that long-term otion 
of some kind is continuing. After the earthquake, the instrument mounting pier was 
still solidly attached to the foundation rock, and the mounting bolts attaching the 
aeeelerograph to the pier were tight and undisturbed. The only sign of disturbance was 
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FIG. 2. Map of the epicenters of the main shock and representative aftershoeks of the San 
Fernando earthquake of magnitude 3.0 and greater, through February 23, 1971 (reproduced by 
permission from the Division of Geological and Planetary Sciences, California Institute of 
Technology, 1971). 
a small permanent tilt of the instrument during the earthquake, which could be esti- 
mated to be of the order of 0?5 in the NW direction. The amount of this permanent 
tilt could be estimated with fair accuracy from the adjustments required after the 
earthquake to re-level the aceelerograph (Dielman, personal communication). A view 
of the aeeelerograph mounted on its concrete pedestal within the circular house after 
the earthquake is shown in Figure 8. 
A plan view of the dam, and the abutment area, with the instrument locations indi- 
cated, is shown in Figure 9. Also shown is the location of the Wilmot Seismoseope on 
the crest of the dam. During the first few seconds of earthquake motion, the motion of 
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the crest of the dam was so severe that the seismoscope glass record plate was dislodged 
from its retaining ring, so that no useable seismoscope r cord was obtained. 
As a further indication of the setting of the site within the aftershoek region, Figure 
2 may be referred to. The site is approximately 8 km south of the instrumentally- 
determined epicenter snd is nearly in the center and above the tentative fault disloc~- 
FIG. 3. Oblique aerial view looking southwest over the Paeoima Dam site. 
Lion surface striking N72°W and dropping about 45 ° toward the north (Kamb, et al., 
1971). 
ACCELEIaOGI~AP~ PERFORMANCE 
The AR-240 strong-motion accelerograph at the Pacoima Dam site records two 
horizontal and one vertical components of acceleration on 12-in-wide photographic 
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paper. The aceelerograph transducers have natural frequencies of about 19 eps and 
damping of approximately 60per cent critical (Hudson, 1970). The instrument is one 
of several owned by the Los Angeles County Flood Control District and is a part of the 
Southern California strong-motion aeeelerograph network maintained by the Seismo- 
logical Field Survey of the NOAA National Ocean Survey. 
:FIG. 4. Close view of the Pacoima Dam.  
As mentioned above, after the earthquake, the aecelerograph foundation remained 
tilted through a small angle which was estimated to be about 0?5. This small angle 
was sufficient o actuate the starting pendulum and the instrument recorded con- 
tinuously for some 6 rain until it ran out of paper. During this interval, at least 30 
aftershocks were recorded. In one sense, the small permanent tilt of the foundation 
can be considered to be a fortunate occurrence, since it permitted this recording of the 
beginning of the aftershoek sequence, and indicated the exact sequence of aftershoek 
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events in the epicentral region. These details of the aftershock sequence will be of 
importance in investigating the mechanism of energy release. 
In order to check the instrument performance, tilt, free vibration, and damping 
tests were performed after the earthquake. The tilt test showed that the sensitivity of 
FIG. 5. Strong-motion AR-240 accelerograph site and the smM1 rock slide. 
FIG. 6. View of the dam and the instrument site. 
FIG. 7. Cracks in the foundation of the instrument house. 
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the acce]erograph had not changed significantly. The alignment of the transducer axes 
relative to the instrument base was also checked uring the tilt test (Trifunac and 
Hudson, 1970). It was found that the two horizontal transducers were well within a 
FIG. 8. AR-240 accelerograph after the earthquake. 
1 ° alignment. The vertical transducer sensitivity ector was about 5 ° from the vertical 
in the longitudinal direction. 
Judging from the point of view of the accuracy of the typical strong-motion accelero- 
graph (Trifunac and Hudson, 1970), it may be concluded that the AR-240 accelero- 
graph at the Pacoima Dam site performed essentially to specifications and that the 
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recorded acceleration traces may be adopted as representative of the actual motion 
of the instrument foundation. The peak acceleration values remained on scale on the 
photographic paper, and there is no evidence of appreciable nonlinear esponse at the 
maximum amplitudes involved. 
After the earthquake, the instrument base was tilted in approximately the NW direc- 
tion, relative to its position prior to the earthquake. Since the preliminary calculations 
FIG. 9. Pacoima Dam site with AR-240 strong-motion accelerograph 
and Sg 100 Wilmot Seismoscope. 
TABLE 1 
~:~ESULTS OF TESTS TO ASCERTAIN 
DISPLACEMENT LIMITS 
Direction of Baseline Shift for 
Tilt in NW Direction Baseline Shift (cm/sec 2)
N 74 E 13.3 
Down 7.7 
N 16W 2.6 
of the ground displacement indicated a significant shift in the accelerograph base line, 
clearly a consequence of such tilt, tests were conducted to ascertain likely limits for 
such displacements. The accelcrograph was tilted in the NW direction through an 
angle which just closed the starter pendulum gap, and in this way a lower bound esti- 
mate of the acceleration base-line shift could be determined. The results of this test 
are given in Table 1. 
The integration of the digitized accelerograms (Figure 10) including the first after- 
shock (about 42 sec) indicates that the tilt must have occurred within the first 10 to 
15 scc of the strong motion. This can be concluded from the behavior of the integrated 
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velocity curves. If a straight line fitted to the velocity curves (Trifunac, 1970), over the 
interval between 12 and 42 sec, is extrapolated back to the zero time, the resulting 
displacement curves indicate the permanent displacements after the earthquake as 
shown in Table 2. 
It  might be tempting to interpret these results in terms of the observed surface fault 
displacements (Figure 1, Kamb et al., 1971). However, if it is assumed that the tilting 
indeed took place during the first 10 sec, the lower bounds for the "permanent dis- 
placements" obtained only from the tilt would be those shown in Table 3 (based on 
data of Table 1). 
For this calculation it was assumed that the acceleration zero base line is determined 
by its fixed position after the tilt is completed, 10 sec after the instrument has triggered, 
and that the tilt occurred uniformly over the 10 sec interval. Comparing the amplitudes 
TABLE 2 
INDICATED PERMANENT DISPLACEMENTS 
AFTER THE EARTHQUAKE 
Permanent Displacement Permanent Displacement in Direction Amplitude (m) 
N 74 E 1 .0  
Up 1.3 
S 16E 1.7 
TABLE 3 
VALUES BASED ON ASSUMPTION THAT TILTING 
OCCURRED DURING }2IRST 10 SECONDS 
Lower Bounds on Permanent 
Permanent Displacement in Direction Displacement Amplitudes 
Caused by Tilt (m) 
S 74W 4 
Up 3 
$16E 1 
given in Tables 2 and 3, it may be concluded that the tilt was large enough to prevent 
any estimation of the permanent displacements a sociated with the earthquake. 
DATA PROCESSINa AND G~OUND MOTION CALCULATIONS 
Figure 10 is a plot of the first 42 sec of the digitized accelerograms including the first 
aftershock. The strong motion representing the main energy release lasted for about 
7 sec and the first aftershock was recorded about 29 see after the instrument ~vas 
triggered. The first 15 sec of the acceleration were chosen for the analysis of ground 
motion. 
The AR-240 accelerogram was digitized at Caltech on a Benson Lehner 099D data 
reducer and processed by the standard methods developed in recent years for strong- 
motion accelerogram analysis (Hudson et al., 1969). The quality of the original record 
was excellent. The trace was clear and continuous with the exception of one 1.25 g 
peak on the $16°E component at 7.6 sec. At this point, the trace was lost above the 1 g 
level and had to be extrapolated. Because of the excellent photographic quality of the 
trace, this extrapolation could be carried out with confidence. The error in the peak is 
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believed to be less than 0.1 g, which would not appreciably influence any calculations 
based on the accelerogram. The digitization of the Pacoima Dam accelerogram is 
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FIG. 11. $74°W motion, Pacoima Dam--San Fernando, California, 
Earthquake February 9, 1971, 6:00 P.S.T. 
believed to be as accurate as may be achieved by presently available techniques and 
equipment. 
The base-line correction was performed by high-pass filtering the uncorrected data 
above the frequency 0.07 cps. This means that all periods longer than approximately 
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16 see have been removed from the record, and, hence, that no information on perma- 
nent displacements i to be expected from the analysis. This filtering procedure, and 
the least-square fitting of a straight line to the ground velocity, which gives an esti- 
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15 
mate of the initial velocity, constitute a new method recently proposed for standard 
base-line correction of the strong-motion aceelerograms (Trifunae, 1970). The resulting 
acceleration, velocity and displacement curves are shotvn for the three recorded com- 
ponents in Figures 11, 12 and 13. As may be seen in these figures, the maximum ac- 
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celeration is 1.25 g for both horizontal components and 0.70 g for the vertical com- 
ponent, and the peak velocity is 115 cm/sec. 
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As already mentioned, the tilting of the instrument, base must have taken place dur- 
ing the first 15 see of the strong motion. Thus, the displacements in Figures 11, 12, 
and 13 may contain an unknown contribution from the tilting of the instrument in 
addition to the actual ground motion. Nevertheless, the computed ground motion 
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indicates that the biggest displacements were vertical and in the north-south direction, 
in general agreement with observed surface faulting (Figure 1). 
In terms of acceleration amplitude, the ground motions recorded at the Pacoima 
Dam site are the largest so far measured uring any earthquake. The relatively short 
duration of the severe shaking is a consequence of the short fault rupture. 
RESPONSE SPECTRA 
The computed relative velocity and Sd2rr/T response spectra (Sa = displacement 
spectrum; T = period) are shown in Figures 14 and 15. For each acceleration com- 
ponent, the response spectrum curves were calculated for 0, 2, 5, 10 and 20 per cent of 
critical damping. As expected, the relative velocity and Sd2~r/T spectra re very similar 
for short periods while the Sd2rr/T spectrum falls off more rapidly for longer periods. 
It  may be recalled that the zero damped relative velocity response spectrum is an 
approximate representation f the Fourier amplitude spectrum of the accelerogram. 
TABLE 4 
COMPARISON OF EARTHQUAKE DATA 
Distance* Peak Acceleration Peak Velocity Approx. SV for T ~ 3 see Earthquake Magnitude (kra) (g) (in/sec) (in/sec) 
San Fernando, 1971 6.6~ 5 1.25 45 50 
E1 Centro, 1940 6.45 10:~ 0.33 17 30 
Parkfield, 1966 5.5§ 0.211 0.50 28 30 
Koyna, India, 1967 6-6.3¶ 5 0.63** 9 15 
* Estimated istance from accelerograph to portion of fault surface associated with maximum 
energy release. 
t Division of Geological and Planetary Sciences, California Institute of Technology (1971). 
:~ M. D. Trifunac and J. N. Brune (1970). 
§ G. W. Housner and M. D. Trifunac (1967). 
II K. Aki (1968). 
¶ H. G. Gupta, B. K. Rastogi, and H. Narain (1971). 
** J. Krishna, A. R. Chandrasekaran, d S. S. Saini (1969). 
The spectrum curves for the horizontal S16°E and $74°W components show peaks 
at about 0.4- and 1.4-see periods, while the spectra for the vertical component indi- 
cates predominant periods near 0.3 and 2 sec. The short duration of the strong motion 
is reflected in the nature of the response spectra of Figure 14, which shows a relatively 
flat character for periods longer than 5 or 6 see. In the period range 0.5 to about 3 sec, 
the spectral amplitudes are similar to those calculated for the E1 Centro 1940 accelero- 
gram (Alford et al., 1951). The high-frequency spectral amplitudes in the Pacoima 
Dam record are not incompatible with past experience. Similar high-frequency harac- 
teristics can be noted on records from the Parkfield, California, earthquake of June 27, 
1966, (Housner and Trifunac, 1967) and for the Koyna, India, earthquake ofDecember 
10, 1967 (Gupta, el al., 1971). Direct comparisons with these other earthquakes are 
difficult because of significant differences in the location of the accelerographs, ~4th 
respect o the pattern of faulting, and in the sizes of the events. Table 4 gives an ap- 
proximate idea of such comparisons. 
The strong earthquake ground motion recorded during the Parkfield, California, 
1966 earthquake (Housner and Trifunac, 1967) may be considered as a typical ex- 
ample of a short, impulsive-type ground motion. On the other hand, the motion re- 
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corded at E1 Centro during the Imperial Valley, California, 1940 earthquake (Trifunae 
and Brune, 1970) is an example of the relatively long shaking produced by multiple 
events uccessively occurring along a fault about 40 miles long. The ground accelera- 
tion, velocity, and displacement curves plotted in Figures 11, 12 and 13 show that 
from the engineering point of view, the duration of the energy release during the San 
Fernando earthquake is somewhere between that of Parkfield and E1 Centro. 
TI~E ENGINEERING S IGNIF ICANCE OF  TI-IE PACOIMA RESULTS 
One of the important facts about, strong earthquake ground motion is that large 
ground acceleration amplitudes in themselves do not necessarily indicate severe damage 
to structures. It is also clear that high spectral accelerations do not always tell the 
whole story. The  response spectrum curves alone cannot give a complete picture of the 
effects of the time duration of the acceleration history. These facts have been clearly 
demonstrated by the spectra calculated for the Parkfield earthquake (Ilousner and 
Trifunac, 1967) and the El Centro earthquake (Afford et al., 1951). Thus  the high 
spectral amplitudes in Figures 14 and 15 do not necessarily mean that this motion was 
very destructive for structures of all types. Pacoima Dam,  for example, apparently 
suffered no significant damage. 
The  San Fernando earthquake with strong motion lasting about 7 see now becomes 
an excellent example of a strong ground acceleration of short to moderately long dura- 
tion. If the shaking had continued for another few seconds, much greater damage 
would have resulted, and many buildings and bridges so far only partially damaged 
would have collapsed. It is mainly this effect of the duration of shaking on structural 
damage that calls for detailed investigations of the pattern of earthquake energy 
release in time. 
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